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ABSTRACT 
Thc occurrence of  RNA  in plastids  from ctiolatcd  and grccn maizc Icavcs  was dcmonstratcd 
cytochcmically,  with both thc light and  thc clcctron microscopc.  Etiolatcd leaves wcrc 
allowed to incorporatc  tritiatcd  cytidinc for scvcral hours and wcrc subsequently  fixed  in 
formalin. Radioautographs  of icaf  scctions 2/z thick showed silver  grains ovcr thc rcgions 
of the cytoplasm containing plastids.  Plastids  in thcsc scctions  appcarcd intensely basophilic 
when stained with azure B.  Both thc basophilia and  radioactivity wcrc rcmovablc with 
ribonuclcase, clcarly dcmonstrating  thc occurrcncc of RNA  in thcsc organcllcs. Exami- 
nation under thc clcctron microscopc of similar plastids  which had been fixcd in formalin 
rcvcalcd  a particulatc componcnt  in the plastid measuring  approximately  170 A  in di- 
ameter.  This particulatc componcnt  was complctcly rcmovablc  with ribonuclcasc. Thus, 
it was concluded that RNA  occurs in a particulatc form in plastids  from ctiolatcd  leaves. 
Mature  plastids, when  staincd with azure B, did not appear basophilic undcr thc light 
microscopc.  Ncvcrthclcss, when  formalin-fixcd tissucs wcrc cxamincd  with the electron 
microscope,  the mature plastids  wcrc sccn to contain particles  in thc stroma, idcntical in 
appcarancc  with thosc visible  in the plastids in ctiolatcd leaves. Osmium  tctroxidc-fixcd 
tissues  wcrc also cxamincd with thc clcctron microscope.  Particlcs  similar to thosc sccn in 
plastids fixcd with formalin wcrc obscrvcd, although thc rcsuhs obtained with this  fixativc 
wcrc variablc. It is concludcd that plastids  from ctiolatcd  and grccn maizc Icavcs contain 
RNA  in a particulate form which rcscmblcs ribosomcs. 
INTRODUCTION 
Conflicting reports  exist  in  the  literature  con- 
cerning  the  occurrence  of  RNA  in  plastids  of 
green plants. Although two different experimental 
approaches can be employed in the examination 
of  this  problem,  thus  far  questions have  arisen 
concerning the validity of the results which have 
been obtained with  both  methods.  Preparations 
of isolated chloroplasts have been examined chemi- 
cally for their nucleic acid content (4,  5,  12,  14, 
19,  20,  26,  31,  36).  Difficulties  have  been  en- 
countered with this method since the values oh- 
tained for both DNA and RNA are low,  and the 
significance of the data is severely  limited by the 
lack  of purity of the  plastid  preparations.  Thus 
some authors consider that the values which have 
been obtained for RNA and DNA in plastids in 
this  manner may  have  been  obtained  through 
nuclear contamination (15, 37). 
Cytochemical procedures  may often avoid the 
problem of contamination, and chloroplasts have 
been  examined  cytochemically  with  the  light 
microscope.  At  the  proper  pH  value,  selective 
557 dye  binding  has  been  demonstrated  between 
basic dyes such as  azure B  and  nucleic acids  (6). 
When  coupled  with  proper  fixation  procedures 
as  well  as  careful  ribonuclease  treatment,  this 
method provides an effective means for localizing 
RNA  in  tissue  sections  (35).  Nevertheless, cyto- 
chemical techniques require care  and  are limited 
in  their  sensitivity.  Thus,  although  numerous 
reports  concerning the  cytochemical  localization 
of RNA  appear  in  the  literature  (3,  22,  23,  32, 
34),  Littau  has  carefully  reexamined  the  major 
portion of this  work  and  has  shown  that  under 
appropriate conditions and with suitable controls 
the  usual  cytochemical procedures are  not  suffi- 
ciently sensitive to show RNA in mature plastids 
(16). 
A more convincing argument for the occurrence 
of RNA in  plastids has  been provided in  a  series 
of  recent  reports  by  Brawerman  and  Chargaff 
(1,  2,  27).  These  authors have shown that  a  net 
synthesis of RNA occurs when dark-grown Euglena 
cells are exposed to the light.  Furthermore, when 
such  cells  are  ruptured,  the  de  novo synthesis of 
RNA is found to  be associated with the cell frac- 
tion which contains the plastids. 
One  might  anticipate  that,  if  RNA  were  to 
occur  in  plastids  of  higher  plants,  it  would  be 
observed  most  readily  in  developing  plastids 
where  rapid  structural  synthesis  is  occurring. 
Etiolated  leaves  provide  a  favorable  system  for 
studying this problem since plastids in such leaves 
develop  to  considerable  size  while  remaining 
proplastid  in  character.  This  communication 
presents  some observations on  the  proplastids of 
etiolated corn leaves. It was possible to verify that 
these  proplastids  do  contain  large  amounts  of 
RNA.  Correlated studies with both the light and 
the electron microscope have allowed the morpho- 
logical  characterization  of the  RNA  which  was 
observed and have permitted similar observations 
to be extended to mature plastids. 
MATERIALS  AND  METHODS 
Plastids  were  examined  from  10-  to  15-day  old 
etiolated  and  grecn  maize  seedlings  (Zea  mays, 
pedigree WF9 X  M14,  Indiana  Seed  Improvement 
Association).  Etiolated  material  was  obtained  by 
allowing seedlings to  develop in  complete darkness 
at  27°C.  The  seedlings were grown in  quartz  sand 
and  were  supplied  with  distilled  water.  Prior  to 
fixation,  leaves  were  allowed  to  incorporate  tt  3- 
cytidine in  the following manner. The leaves to  bc 
treated  were severed approximately 4  cm  from the 
tip.  The  free  portion  of each  leaf was  then  recut 
under water and immersed in a  solution containing 
50  #c  of uniformly  labeled  tritiated  cytidine  (1.25 
#c/mM,  Schwartz  Bioresearch,  Inc.,  Mt.  Vernon, 
New York).  This  solution  was prepared by adding 
the cytidine to 0.2  ml of a  0.15  M sucrose solution. 
The leaves remained in  this  solution for  51/3 hours. 
Small pieces of tissue were  then  removed from the 
leaves  and  subjected  to  one  of three  different fix- 
ation  procedures for  l  to  2  hours: 
1.  10 per cent formalin in 0.2  ~  phosphate buffer, 
pH 7.4. 
2.  1  per  cent  OsO4  in  0.14  M Veronal  acetate. 
pH 7.4. 
3.  Fixation  in  the  10  per  cent  formalin solution 
followed  by  30  minutes  in  the  1  per  cent 
osmium solution. 
In order to localize RNA with the electron micro- 
scope it was necessary to treat small pieces of tissue 
with ribonuclease prior to embedding them in plastic. 
For this purpose, some of the formalin-fixed material 
was  sectioned  at  100  /z  on  a  freezing  microtome. 
The  sections were  then  incubated  for  3  hours in  a 
solution  of  crystalline  pancreatic  ribonuclease  ob- 
tained from Worthington Biochemicals Corporation, 
Freehold, New Jersey. This was prepared at  a  final 
concentration of 0.7  mg/ml and adjusted to pH 6.5 
with  sodium  hydroxide.  (This  treatment  will  be 
designated  "formalin-ribonuclease"  in  all  further 
discussion.)  Control  tissues  were  incubated  in  dis- 
tilled water adjusted to  pH 6.5.  Both ribonuclease- 
treated and control tissues were then extracted with 
5 per cent trichloroacetic acid at 0°C for 30 minutes. 
All  tissues  were  dehydrated  through  a  graded 
series  of alcohols  and  embedded in  Epon  812  ac- 
cording to  the method of Luft  (17).  Leaf segments 
fixed  in  formalin  were  also  embedded in  paraffin. 
The Epon blocks were sectioned for viewing both 
with the light and the electron microscope. For light 
microscopy, sections 2 #  thick of both formalin and 
formalin-ribonuclease-treated  tissues  were  cut. 
These  were  placed  on  glass  slides which  had  pre- 
viously  been  coated  with  albumin.  Some  of these 
sections were then stained with a  modified azure B 
reaction  using  a  high  concentration  of  dye  (12.5 
mg/ml)  and  prolonged  incubation  (48  hours  at 
60°C or  1 week at room temperature). This modifi- 
cation was necessary in order for the dye to penetrate 
into the Epon.  Unstained sections were used in the 
preparation  of radioautographs  as  described  later. 
For  electron microscopy, thin  sections were  pre- 
pared  from  tissue  fixed  by  all  three  procedures. 
These  sections  were  mounted  on  carbon-coated 
copper  grids  for  examination  under  the  electron 
microscope. Sections were stained with a  3 per cent 
solution of uranyl acetate for  10 to  36  hours.  Grids 
were examined with an RCA 3C electron microscope. 
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Region of a  2 p  Epon section from an ctiolatcd corn leaf stained with azure B to show the basophilia 
of the proplastids  (P).  A  nucleus (N)  appears in the center of the field and the nucleolus (n)  is also 
visible.  X  1,000. 
I~GURE 
Region of a  2  tL Epon  section through an ctiolatcd  corn leaf which was treated  with  ribonuclcase 
prior  to  dehydration.  The  sections wcrc  stained with  azure  B.  Note  absence of basophilia  in  pro- 
plastids (P) and the lack of a visible nuclcolus although the DNA of the nucleus (N)  is still stained.  X 
1,000. 
FIGURE 3 
Region of an autoradiograph prcparcd  with an unstained Epon section adjacent to the scction sccn 
in  Fig.  1.  The micrograph was taken with phase optics.  It  can be seen that  tritiated  cytidine was 
incorporated into the nucleus (N), and cytoplasm (c)  as well as into the proplastids  (P).  X  1,000. 
FIGURE 4 
Region of an autoradiograph  prepared  with an unstained Epon section adjacent to the section seen 
in Fig. 2. Ribonuelease is seen to remove the label from all parts of the cell, including the proplastids 
(P).  Photograph taken with phase optics.  X  1,000. 
Etiolated  leaves  embedded  in  paraffin  blocks 
were  sectioned at  5  /z and  mounted on  slides which 
had  been  coated  with  albumin.  Control  sections 
were  incubated  in  distilled  water  adjusted  to  pH 
6  with  sodium  hydroxide;  additional  sections  were 
incubated  in  ribonuclease,  prepared  at  a  final  con- 
centration of 0.2 mg/ml,  and adjusted to  pH  6  with 
sodium hydroxide.  (This lower pH was found neces- 
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was extracted from the ribonuclease controls in water 
at pH 6.5 but not at pH 6.0.)  After  1 hour at room 
temperature several slides from each treatment were 
stained with azure B according to standard procedures 
(6).  The  remaining  slides  were  used  for  radio- 
autography.  Both  control  slides  and  those  treated 
with ribonuclease were  covered  with  stripping  film 
(Kodak AH 10) and stored at 4°C for 2 weeks. These 
slides  were  then  developed  in  Kodak  D-19  (18°C 
for  6 minutes) and stained with azure B. 
Unstained  sections,  2  ~  thick,  of  formalin  and 
formalin-ribonuclease-treated  tissues  embedded  in 
Epon  were  coated  with  nuclear  track  emulsion 
(Kodak NTB 2) and exposed for 3 weeks. The coated 
slides  were  also  developed  in  D-19  at  18°C  for  6 
minutes.  It  should  be  noted  that  all  micrographs 
presented  in  this  report  concerning  formalin  and 
formalin-ribonuclease-treated  tissue,  for  both  the 
light  and  the  electron  microscope,  are  of adjacent 
sections from the same two Epon blocks. 
Green  tissue  was  collected  from  seedlings which 
had been raised in the greenhouse or from etiolated 
material  which  was  allowed  to  turn  green  under 
artificial  illumination.  Both  kinds  of  plants  were 
supplied with an inorganic nutrient solution. Tissues 
from these plants were fixed in the same manner as 
lhose  from  the  etiolated  material  except  that  no 
attempt  was  made  to  incorporate  tritiated cytidine 
into the plastids. 
RESULTS 
When  paraffin sections of formalin-fixed etiolated 
leaves  were  stained  with  azure  B  and  examined 
under  the  light  microscope,  the  chloroplasts 
appeared  intensely  basophilic.  Radioautographs 
of these  preparations  showed  a  heavy  deposition 
of  silver  grains  over  regions  of  the  cytoplasm 
containing  plastids.  Treatment  with  ribonuclease 
completely  eliminated  any  binding  of  the  dye 
with the plastids and also  removed  all the radio- 
activity  from  the  sections  so  that  autographs  of 
these  tissues  were  not  significantly  above  back- 
ground in grain density.  Comparable results were 
also  obtained  with  Epon  sections  2  #  thick.  Sec- 
tions stained  with  azure  B  are  presented  in Figs. 
1 and 2.  It is clear that proplastids stain intensely 
with  azure B  (Fig.  1)  and  that this  basophilia is 
completely  removed  with  ribonuclease  (Fig.  2). 
Figs.  3  and  4  show  autographs  of unstained  sec- 
tions taken adjacent to  those which were stained 
with  azure  B.  Few  silver  grains  remain  after 
ribonuclease  treatment  (Fig.  4)  when  compared 
with  untreated  tissue  (Fig.  3)  where  it  can  be 
seen that tritiated cytidine was incorporated  into 
all cellular components.  Since the sections shown 
in  Figs.  3  and  4  are  2  g  thick,  and  the  plastids 
vary  in  size  from  3  to  5  #,  it may  be  presumed 
that  the  majority  of  the  plastids  are  cut  during 
sectioning.  It  thus  seems  likely  that  most  grains 
over  the  plastids  are  not due  to  the surrounding 
cytoplasm.  From these experiments one may con- 
clude  that  plastids  from  etiolated  maize  leaves 
contain  a  considerable  amount  of  RNA. 
Adjacent  thin  sections  of  the  formalin-fixed 
tissues  were  also  examined  with  the  electron 
microscope.  With  this  fixative,  as  was  expected, 
the lipid portion of lamellar system of the plastids 
was  not  preserved.  However,  the  entire  matrix 
of the  plastids  was  clearly visible  and  contained 
a  densely  packed  particulate  component  which 
measured  approximately  170  A  in  diameter. 
Typical  plastids  are  illustrated  in  Figs.  5  to  7. 
It can be seen that the particles within the plastid 
closely  resemble  the  ribosomal  particles  visible 
in  the  surrounding  cytoplasm.  It  was  possible  to 
establish  that  the  particles  observed  within  the 
plastids did in fact contain RNA  by examination 
I~ou~E 5 
Proplastid from the same tissue as sections shown in Fig.  1.  Since the tissue was fixed 
in formalin, the  lamellae (L) do  not  appear  electron-dense. Particles (R)  within the 
plastid matrix measure approximately  170 A  and resemble the cytoplasmic  ribosomes 
(r).  Osmiophilic granules  (O)  do  not  appear  electron-dense.  Particles  60  A  in di- 
ameter,  resembling phytoferritin (F), are visible. The prolamellar body (PB) appears 
less  dense  than  the  adjacent  plastid  matrix  but  also  contains  particles  measuring 
approximately  l Y0  A  in  diameter.  Two  mitochondria  (M)  are  visible.  X  46,000. 
I~GURE 6 
An enlarged region of Fig. 5 showing a portion of the prolamellar body (PB), phytofer- 
ritin  (F),  lamellae  (L),  and  the  particulate  RNA-containing  component  (R). 
Cytoplasmic ribosome, r.  X  70,000. 
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under  the  electron  microscope.  The  particulate 
component of the plastids was completely removed 
with ribonuclease (Figs. 8 and 9). 
Sections from  etiolated  leaves which  had  been 
fixed  with  osmium  tetroxide  were  also  examined 
under  the electron microscope  (Figs.  10  and  11). 
Although  the  lamellar  structure  of  the  plastids 
was  clearly  visible  with  this  method  of fixation, 
the  particulate  nature  of the  plastid  matrix  was 
not so evident as in the sections of formalin-fixed 
material.  A  faint  particulate  component  was 
occasionally  visible  in  unstained  plastids,  but  a 
prolonged  incubation  in  uranyl  acetate  was 
generally necessary to make this component visible. 
Even after prolonged staining with uranyl acetate, 
the appearance of the particles within the plastids 
varied and frequently appeared  different from the 
ribosomes  present  in  the  cytoplasm  (compare 
Figs.  10  and  11).  It  was  not  possible  to  make 
accurate  measurements  of  plastid  particles  in 
these preparations  since the tissues fixed at differ- 
ent times varied considerably in their preservation 
of the plastid particulate component. 
It  was  interesting  to  examine  plastids  which 
had  been  fixed  in  formalin  followed  by  osmium 
tetroxide  (Fig.  12).  Here  lamellae,  although  not 
completely  preserved,  were  far  more  prominent 
than in tissue which had been fixed only in forma- 
lin.  In addition,  the particulate material  (R)  was 
also quite prominent. 
In  the  course  of these  investigations  a  smaller 
particulate  plastid  component  was  also  observed 
in etiolated leaves. These particles have diameters 
approximating  60  A  and  occur  either in  patches 
or  scattered  throughout  the  entire  plastid  (Figs. 
5  to  9).  The  particles  were clearly visible in un- 
stained  plastids  of etiolated  leaves,  but  could  not 
be  seen  in  mature  plastids.  Recently  particles 
have  been  described  from  etiolated  plastids  by 
Hyde, Hodge, and Birnstiel  (13),  as phytoferritin. 
The  particles  described  here  correspond  in  size 
with those reported by these authors and  probably 
are the same. 
Once the morphological nature of the RNA in 
the  plastids  from etiolated leaves was established, 
observations were extended  to plastids from green 
leaves.  By  use  of the  same  fixation  and  staining 
procedures,  it was found  that  green plastids  from 
both  the  vascular  sheath  and  the  more  typical 
mesophyll ceils contained a particulate component 
identical with  that  described  for etiolated  leaves. 
Chloroplasts from formalin-fixed leaves are shown 
in  Figs.  13  to  15.  In  the plastids  from mesophyll 
cells,  it  can  be  seen  that  only  the  protein  in  the 
lamellae  of  the  grana  and  stroma  is  preserved. 
Thus,  the  lamellae  are  only  faintly  electron- 
dense.  Particles,  170  A  in  size,  are clearly visible 
in  the  stroma  (Figs.  13  and  14).  However,  they 
appear  reduced  in  number,  and  from  the  fact 
that  such  chloroplasts  do  not  appear  basophilic 
under  the light microscope one can estimate that 
the particles must occur in a considerably reduced 
concentration.  In  sheath  plastids,  as  previously 
described  (1 i),  no  grana  are visible.  The  stroma 
is  again  filled  with  prominent  particles  identical 
with  those  seen  in  plastids  from  etlolated  leaves 
(Fig.  15).  Chloroplasts  from  green  leaves  which 
were  fixed  with  osmium  tetroxide  were  also 
examined  with  the  electron  microscope.  In  most 
I~GURE  7 
A  proplastid  similar to that illustrated  in Fig.  5. PB, prolamellar body; L, lamellae. 
X  23,000. 
FIGURE 8 
Ribonuclease-treated  proplastid  obtained  from the same block as sections illustrated 
in Fig. 2. The effect of ribonuclease on the particulate component (R)  previously seen 
in Figs. 5, 6, and 7 can be observed; although the prolameUar body (PB) and lamellae 
(L)  are  still  visible,  the  particulate  material  of the  plastid  matrix  cannot  be  seen. 
Faintly  stained  particles  are  still  present  in the cytoplasm,  presumably  reflecting 
the differential rate  at  which  ribonuclease can attack  RNA within  plastids  as com- 
pared with adjacent cytoplasm. Phytoferritin  (F) is still visible.  X  26,000. 
FmURE 9 
A  proplastid  which has been treated with ribonuclease.  A  starch  grain  (S)  is visible. 
PB, prolamellar body; F, phytoferritin; L, lamellae.  X  31,000. 
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visible  in  the  green  plastids  prepared  in  this 
manner.  The  morphology  of the  particles,  how- 
ever,  was  again  observed  to  vary.  In  Fig.  16  it 
can  be  seen  that  plastid  particles  appear  quite 
similar  to  cytoplasmic  ribosomes.  However,  in 
Fig.  17,  which  illustrates  a  portion  of  a  sheath 
plastid,  particles  within  the  plastid  appear  less 
dense and  probably  are smaller than  those visible 
in the adjacent cytoplasm. 
DISCUSSION 
In view of the controversy recorded in  the litera- 
ture concerning the role of nucleic acids in chloro- 
plast  development,  a  brief  summary  of  several 
aspects  of this  problem  is  relevant  here.  Chloro- 
plasts,  by virtue of their discrete  color and  form, 
have lent  themselves to extensive genetic analysis 
(8,  28).  Such  studies  show  that,  in  the  course  of 
their  development,  these  organelles  may  be  at 
least  partially  independent  of  the  regulating 
mechanisms  of  the  nucleus.  Morphological  evi- 
dence has proved less definitive. Very early studies 
of plastids in algae showed that in these organisms 
chloroplasts divide in phase with cell division and 
thus  provide  a  continuous  lineage  of  these  or- 
ganelles  in  successive  generations  of  plants  (8). 
In  higher  plants,  fully formed  plastids  are found 
only in fully differentiated cells. As early as  1883, 
however, Schimper postulated  that small colorless 
plastids  were  to  be  found  in  meristematic  tissue 
and  that  these  organelles  could  divide  and  thus 
be transmitted  from cell to cell (30).  This  theory 
was  further  elaborated  by  Guilliermond  (9). 
Guilliermond also noted the resemblance between 
very young  plastids  and  mitochondria  under  the 
light microscope. 
Recent  electron  microscopic  observations  do 
not seem to support  the concept of the continuity 
of plastid  generations  in  higher  plants.  Although 
Menke has  reported  recently that  proplastids  can 
be  distinguished  from  mitochondria  in  some 
meristematic  tissue  (21),  it  is  more  generally 
agreed  that  both  proplastids  and  mitochondria 
originate from the same kind of very small vesicles, 
as  described  by  Mtihlethaler  (24,  25),  and  it 
seems  probable  that  clearly  defined  organelles 
only  become  visible  in  differentiating  cells  such 
as young leaf primordia. In later stages of develop- 
ment, plastids may be able to replicate by division 
(7),  but  present  techniques  are  inadequate  to 
show whether plastid  continuity is maintained  by 
division  of  small  undifferentiated  cytoplasmic 
vesicles. 
In view of the  replicative  properties  of certain 
nucleic  acids  found  in  cell  nuclei  as  well  as  in 
viruses,  the  occurrence  of either  RNA  or  DNA 
within plastids would aid in the visualization of a 
mechanism  by  which  plastids  maintain  their 
autonomy.  As  mentioned  previously,  numerous 
investigations  have  dealt  with  this  problem.  To 
date,  conclusive evidence has been lacking for the 
higher plants. 
Plastids  from  etiolated  maize  leaves  provided 
FIGURE 10 
Two proplastids  from an etiolated leaf which was  fixed with  !  per cent  OsO4.  Par- 
ticulate material  (R) within the plastid appears  similar to cytoplasmic ribosomes  (r). 
In  these  sections  lamellae  are  clearly  visible.  The  prolamellar  body  (PB) appears 
vesicular, and the osmiophilic granules (0)  appear electron-dense.  )< 23,000. 
FmuRp.  11 
Proplastid similar to that seen in Fig.  10. Note, however, the different appearance  of 
the particulate  material  (R)  within  the plastid  when compared  with adjacent  cyto- 
plasmic ribosomes  or particulate  material  (R)  in Fig. 10.  PB, prolameUar body.  X 
31,000. 
FIGURE 1~ 
Proplastid from a  leaf which was fixed in  10 per cent formalin followed by  1/~ hour 
in  1 per cent OsO4.  Note the presence of particulate material  (R) within the plastid. 
Lamellae  (L)  are more visible than  in Fig.  5,  and  osmiophilic granules  (0)  appear 
moderately dense. A  mitochondrion  (M)  appears to be within the plastid in this sec- 
tion,  demonstrating  the irregular  nature  of the chloroplast  surface.  PB, prolamellar 
body.  )<  35,000. 
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reexamine this problem.  Plastids from such leaves 
are quite large although they still lack the lamellar 
organization  normally  associated  with  green 
plastids  of  similar  dimensions.  Cytochemical 
examination  revealed  that  they  contained  large 
amounts  of  RNA  which  could  be  further  char- 
acterized  as being associated with  170  A  particles 
under  the  electron  microscope.  On  the  basis  of 
these findings  it was  possible  to  extend  these  ob- 
servations  to  mature  plastids,  and  here  too  a 
particulate,  RNA-containing  component  was 
visible.  In  the  green  plastids,  however,  the  con- 
centration  of  RNA-containing  particles  was 
greatly  reduced  when  compared  with  plastids 
from  the  etiolated  leaves. 
The  precise  nature  of  the  RNA-containing 
particles  of  maize  plastids  is  not  yet  clear. 
However,  Lyttleton  (18)  has  recently  reported 
the  isolation  of  ribosomes  from  spinach  chloro- 
plasts.  In our material, evidence for the ribosomal 
nature  of  the  RNA-containing  particles  is  still 
lacking,  since  it  should  be  demonstrated  that 
these  particles  are  truly  functional  in  protein 
synthesis before they can be identified as ribosomes. 
It is probable that the particles we have described 
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